
Single Nucleotide Polymorphisms (SNPs)



Sequence variations

• Single nucleotide polymorphisms

• Insertions/deletions

• Copy number variations (large: >1kb) 

• Variable (short) number tandem repeats



Single Nucleotide Polymorphisms (SNPs)

•  A single nucleotide (A,T,C,G) DNA sequence alteration
… ACGGCTAA …
… ATGGCTAA …

• It must occur in at least 1% of the population

• ~30 million SNPs

• SNPs make up ~80-90% of all human genetic variations

• Occur every 100-300 bases along the 3-billion-base human 
genome

• Evolutionary stable



• rs numbers

• chromosome and positions (ncbi36 vs GRCh37)

dbSNP



Importance of noting whether a SNP is mapped to forward or reverse strand

Strand issues
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SNP arrays
 Affymetrix SNP 6.0  

 Affymetrix SNP 5.0  

 Affymetrix GeneChip Human Mapping 250K

Affymetrix Axiom GW

 Illumina Human Hap 650v3 

 Illumina Human Hap 550v3 

 Illumina Human Hap 300v3 



SNP arrays



Genome-wide association studies



Cases vs controls
• Obtain DNA from a disease group (e.g. asthma) and a control 

group 

• For each individual: Run DNA on a SNP array measuring the 
genotypes at almost 1M loci

• If the group consists of 1,000 individuals, one obtains 1,000 x 
1,000,000 genotypes

• Quality Control

• Loop over all SNPs, and identify those that are significantly 
more common among cases than controls

• Those SNPs are associated with the disease (in this study)

• Not necessarily causal



GWAS tools

PLINK
http://pngu.mgh.harvard.edu/~purcell/plink/

SNPTEST
http://www.stats.ox.ac.uk/~marchini/software/gwas/snptest.html

http://pngu.mgh.harvard.edu/~purcell/plink/
http://pngu.mgh.harvard.edu/~purcell/plink/


Quality control
• Allele, genotypes frequencies, HWE tests

• Missing genotype rates

• Inbreeding, IBS and IBD statistics for individuals and 
pairs of individuals

• non-Mendelian transmission in family data

• Sex checks based on X chromosome SNPs

• Tests of non-random genotyping failure

• Ethnicity



HapMap

• CEU

• CHB

• JPT

• YRI

...



PCA plot: patients vs HapMap
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ARTICLE

NordicDB: a Nordic pool and portal for genome-wide
control data

Monica Leu*,1,2, Keith Humphreys1, Ida Surakka2,3, Emil Rehnberg1, Juha Muilu2, Päivi Rosenström2,
Peter Almgren4, Juha Jääskeläinen5, Richard P Lifton6, Kirsten Ohm Kyvik7, Jaakko Kaprio2,8,9,
Nancy L Pedersen1, Aarno Palotie2,10,11, Per Hall1, Henrik Grönberg1, Leif Groop4, Leena Peltonen2,3,10,11,
Juni Palmgren1,12 and Samuli Ripatti*,2,3

A cost-efficient way to increase power in a genetic association study is to pool controls from different sources. The genotyping
effort can then be directed to large case series. The Nordic Control database, NordicDB, has been set up as a unique resource
in the Nordic area and the data are available for authorized users through the web portal (http://www.nordicdb.org). The current
version of NordicDB pools together high-density genome-wide SNP information from B5000 controls originating from Finnish,
Swedish and Danish studies and shows country-specific allele frequencies for SNP markers. The genetic homogeneity of the
samples was investigated using multidimensional scaling (MDS) analysis and pairwise allele frequency differences between the
studies. The plot of the first two MDS components showed excellent resemblance to the geographical placement of the samples,
with a clear NW–SE gradient. We advise researchers to assess the impact of population structure when incorporating NordicDB
controls in association studies. This harmonized Nordic database presents a unique genome-wide resource for future genetic
association studies in the Nordic countries.
European Journal of Human Genetics advance online publication, 28 July 2010; doi:10.1038/ejhg.2010.112

Keywords: common controls; genome-wide data; Nordic Control Database; population stratification

INTRODUCTION
Genetic association studies aim to identify variants that predict disease
susceptibility, prognosis or therapy response. Many association studies
use geographically matched cases and controls, with controls selected
and genotyped for each study. Recent successes in reusing existing
controls for newly genotyped cases1,2 indicate possibilities for design-
ing more cost-effective designs of the next generation of studies.
Pooling controls from different studies can be a cost-efficient way to
increase the power to detect or verify loci of modest effect size.
The Nordic Center of Excellence in Disease Genetics (http://

www.ncoedg.org), formed by the Joint Committee of the Nordic
Medical Research Councils, the Nordic Council of Ministers and the
Nordic Research Board, announces the release of the Nordic Control
database, ‘NordicDB’, providing high-density genome-wide SNP
information for B5000 healthy individuals. At present, NordicDB
contains randomly ascertained samples from Finland, Sweden and
Denmark. The portal (http://www.nordicdb.org), which is under
continual development, provides population statistics and
web-based tools for efficient use of this resource. Thus, for example,
the portal describes quality control (QC) and imputation methods and
provides imputed genotype probabilities (HapMap 3 SNPs). This paper
introduces the NordicDB and its first release of the imputed data.

MATERIALS AND METHODS
The Nordic Control Database, NordicDB
NordicDB pools together samples from Finnish, Swedish and Danish studies.
The selection of studies came from PIs at NCoEDG sites. These samples are
individuals chosen to be controls in the original case–control studies. Table 1
presents the contributing studies with number of samples and genotyped SNPs,
genotyping platform, sample characteristics, sampling location and reference
to papers describing the respective studies in more detail.

When constructing NordicDB, each data set was individually subjected to
unified genotype QC measures. Briefly, SNPs were aligned to top strand and
updated to build 36. We removed markers with ambiguous allele coding, and
individuals and markers with 45% of data missing, as well as individuals with
sex inconsistencies between the genotype data and the indicated sex. First- or
second-degree relatives were filtered out on the basis of IBD values 40.2. On
the basis of QC, on average, o3% of markers and o4% of individuals were
excluded from the data sets.

Database and portal
The relational database and the web-based data management application
were built using the Molgenis application generator (Molgenis; http://molgenis.
sourceforge.net/).10 The database contains information and statistics on
samples, markers, genotype data releases and sampling location. The sample
identifiers were anonymized for the purpose of this database and cannot be
linked to the original study identifiers. All SNPs are on top strand alignment and
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genotyped, resulting in 1 163 280 SNPs after applying QC. The haplotypes in
this data set were phased similarly to the HapMap 3 CEU samples (individuals
with NW European ancestry) and Tuscany in Italy (TSI). Figure 1a shows the
first two axes of genetic variation in NordicDB, CEU HapMap 3 data and the
Finnish reference set. The analysis was based on 4809 samples: 2458 Swedish,
2082 Finnish, 161 Danish and 108 from CEU. The plot of the first two MDS
components shows excellent resemblance to the geographical placement of the

samples (Figure 1b), with a clear NW–SE gradient. To validate the SNP set used
in the MDS analysis, we compared patterns of variation based on all available
SNPs and on the restricted set, using two studies genotyped on the same chip
(CAPS and DGI). The results were similar (data not shown).

Table 2 shows summary statistics for allele frequency differences and
similarities between study populations. We calculated pairwise FST values using
Weir and Cockerham’s approach implemented in the R package Geneland19
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Figure 1 (a) Top axes of genetic variation in the Nordic Control Database, NordicDB (4620 samples) contrasted with the HapMap CEU (108 samples)
and a Finnish HapMap reference population (81 samples). The MDS analysis was performed on B45000 SNPs that were common between genotyping
platforms. The controls are part of the following studies: Cancer Prostate in Sweden (CAPS) 1 and 2, Cancer and Hormonal Replacement in Sweden
(CAHRES), Diabetes Genetics Initiative in Western Finland and Southern Sweden (DGI-FIN and DGI-SWE), SGENE and MS in the Helsinki region, Aneurysm
study in the Helsinki region, GenomEUtwin Denmark (GenomEUtwin-DK), GenomEUtwin Sweden (GenomEUtwin-SWE) and GenomEUtwin Finland
(GenomEUtwin-FIN). (b) Geographical map of Scandinavia with three countries highlighted to show the origin of the samples in panel a: Finland (red),
Sweden (green) and Denmark (yellow).
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GWAS results: p-values



Example of GWAS results (asthma)
Manhattan plot displays all SNPs on x-axis (order by 
genomic location), and -log10 of p-values on y-axis.

Variants of DENNB1B and Asthma in Children

n engl j med 362;1 nejm.org january 7, 2010 41

tion of the P values with the use of Fisher’s method 
and a fixed-effects meta-analysis (odds ratio, 0.70; 
95% CI, 0.63 to 0.78; P=3.9×10−11). Results ob-
tained from each of the three components of the 
replication set are shown in Table 6 in the Sup-
plementary Appendix.

We subsequently carried out a combined 
analysis, which included all the subjects of Euro-
pean ancestry who had asthma (1710 subjects) and 
all the controls of European ancestry (3534) on 
2 million imputed and genotyped SNPs. Other 
than SNPs at the previously reported 17q21 locus 
and those at the 1q31 locus that we describe 
here, no SNPs surpassed the genomewide thresh-
old for significance (P<5×10−8). However, SNPs at 
three other loci — 3p12 (intergenic region be-
tween ROBO1 [encoding roundabout 1] and GBE1 
[encoding glucan (1,4-alpha-1), branching enzyme]), 
6q27 (PDE10A [encoding phosphodiesterase 10A]), 
and 9p23 (PTPRD [encoding protein tyrosine phos-
phatase, receptor type D]) — showed suggestive 
associations (Fig. 2, and Table 7 in the Supplemen-
tary Appendix).

To determine whether the 1q31 locus also con-
tributes to asthma in children of African ances-
try, we used data from 1667 African-American 
children with physician-diagnosed asthma and 
2045 controls who did not have asthma to test 
the 20 1q31 markers that were implicated in the 
analysis of the discovery set for an association 
with asthma. A total of 17 of the 20 SNPs were 
significantly associated with asthma, although 
the associated allele at each SNP was the alterna-
tive allele to that associated with asthma in the 
discovery set (range of odds ratios, 1.13 to 2.01; 
range of P values, 0.01 to 4.2×10−7) (Table 2, and 
Table 8 in the Supplementary Appendix). We 
combined P values across all three sample co-
horts using a joint test of the SNP effect and the 

interaction between SNP and ancestry; rs2786098 
remained the most strongly associated SNP 
(P = 1.68×10−13) (Table 2).

We observed shorter blocks of linkage disequi-
librium in the samples from African-American 
controls who had been recruited at the Children’s 
Hospital of Philadelphia than in the samples from 
controls in the discovery set of children of Euro-
pean ancestry (Fig. 1, and Fig. 2 in the Supplemen-
tary Appendix). The four SNPs that showed the 
strongest association in the samples from African 
Americans (rs1747815, rs1775456, rs1924518, and 
rs1775444) made up a small block of linkage dis-
equilibrium in intron 2 of DENND1B (range of odds 
ratios, 1.83 to 1.86; range of P values, 3.1×10−7 
to 9.4×10−7) (Table 2 and Fig. 1). We observed link-
age disequilibrium between these SNPs in the 
samples from both African-American controls and 
controls of European ancestry (Fig. 2 in the Sup-
plementary Appendix).

We then investigated whether more than one 
of the 20 SNPs that were implicated in the discov-
ery set showed an independent association with 
disease. We carried out logistic-regression analyses 
adjusting for the allele dosages of rs2786098, 
which is the SNP most strongly associated with 
asthma in persons of European ancestry. Analy-
sis of the samples from subjects of European 
ancestry showed that the association in the in-
terval was effectively nullified, whereas 10 SNPs 
remained significantly associated with asthma in 
the African-American cohort; rs1775456 showed 
the strongest association (P=2.4×10−4) (Table 3, 
and Fig. 3 in the Supplementary Appendix). Ad-
justment for the allele dosages of rs1775456 
nullified the association in both the subjects of 
European ancestry and the African-American 
subjects (Fig. 3 in the Supplementary Appendix), 
suggesting that the etiologic variant is either 
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Figure 2. Manhattan Plot of the Results from the Combined Subjects of European Ancestry Who Had Asthma.

The −log10 P values are plotted against the physical distance. Only the two loci at chromosome 1q31 and 17q21 
were significantly associated with asthma after Bonferroni correction. Individual chromosome labels are indicated 
in white within the Manhattan plot. 
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Online phenotype association resources

• NHGRI’s Catalog of Published GWAS:

http://www.genome.gov/GWAStudies/

• SNPedia:

http://www.snpedia.com

http://www.genome.gov/GWAStudies/
http://www.genome.gov/GWAStudies/
http://www.snpedia.com
http://www.snpedia.com


Published Genome-Wide Associations through 06/2011,
1,449 published GWA at p≤5x10-8 for 237 traits

NHGRI GWA Catalog
www.genome.gov/GWAStudies

http://www.genome.gov/GWAStudies
http://www.genome.gov/GWAStudies




Mini-exercise
Go this web-site:

NHGRI’s Catalog of Published GWAS

http://www.genome.gov/GWAStudies/

1. Look around !

2. Search by

• Disease/Trait: Type 2 diabetes

• P-value treshold: 20 (=10-20)

3. Common top SNPs ?

4. Common genes (but different SNPs) ?

( Systematic approach: Meta-analysis, Imputation )

http://www.genome.gov/GWAStudies/
http://www.genome.gov/GWAStudies/


Date Added to 
Catalog (since 
11/25/08)

First 
Author/
Date/ 

Journal/
Study

Disease
/Trait

Initial
Sample Size

Replication 
Sample Size

Region Reported 
Gene(s)

Strongest 
SNP-Risk 

Allele

Risk Allele 
Frequency 
in Controls

P-value OR or beta-
coefficient and 

[95% CI]

Platform
[SNPs passing QC]

CNV

07/12/10 Voight
June 27, 
2010
Nat Genet

Type 2 
diabetes

8,130 European 
descent cases, 
38,987 European 
descent controls

Up to 34,412 
European 
descent cases, 
59,925 European 
descent controls

10q25.2

11q13.4

6p22.3

TCF7L2

CENTD2

CDKAL1

rs7903146-T

rs1552224-A

rs10440833-A

2 x 10-51

1 x 10-22

2 x 10-22

1.4 [1.34-1.46]

1.14 [1.11-1.17]

1.25 [1.20-1.31]

Affymetrix & Illumina 
[2,426,886] (imputed)

N

05/07/09 Takeuchi
April 29, 
2009
Diabetes

Type 2 
diabetes

519 Japanese cases, 
503 Japanese controls

5,629 Japanese 
cases, 7,370 
Japanese controls

9p21.3

11p15.5

CDKN2A, 
CDKN2B

KCNQ1

rs2383208-A

rs2237892-C

0.55

0.59

2 x 10-29

1 x 10-26

1.34 [1.27-1.41]

1.33 [1.27-1.41]

Illumina 
[482,625]

N

01/15/09 Timpson
December 
03, 2008
Diabetes

Type 2 
diabetes

1,924 cases, 2,938 
controls

3,757 cases, 
5,346 controls

10q25.2 TCF7L2 rs7903146-? NR 9 x 10-30 
(non-
obese)

1.49 [1.39-1.59] Affymetrix 
[393,453]

N

04/03/09 Yasuda
August 17, 
2008
Nat Genet

Type 2 
diabetes

187 Japanese cases, 
1,504 Japanese 
controls

6,552 Asian 
cases, 6,621 
Asian controls, 
2,830 cases, 
3,740 controls 
(Swedish)

11p15.5 KCNQ1 rs2237892-C 0.61 2 x 10-42 1.4 [1.34-1.47] Invader 
[82,343]

N

11/25/08 Zeggini
March 30, 
2008
Nat Genet

Type 2 
diabetes

4,549 cases, 5,579 
controls

24,194 cases, 
55,598 controls

10q25.2 TCF7L2 rs7903146-T NR 3 x 10-23 1.37 [1.28-1.47] Affymetrix and Illumina 
[2,202,892] (imputed)

N

11/25/08 Saxena
April 26, 
2007
Science

Type 2 
diabetes

1,464 cases, 1,467 
controls

5,065 cases, 
5,785 controls 
(also includes 
meta-analysis 
from DGI
+FUSION
+WTCCC)

10q25.2 TCF7L2 rs7903146-T 0.26 2 x 10-31 1.38 [1.31-1.46] Affymetrix 
[386,731]

N

11/25/08 Zeggini
April 26, 
2007
Science

Type 2 
diabetes

1,924 cases, 2,938 
controls

3,757 cases, 
5,346 controls 
(also includes 
meta-analysis 
from DGI
+FUSION
+WTCCC)

10q25.2 TCF7L2 rs7901695-C NR 1 x 10-48

(DGI
+FUSION
+WTCCC)

1.37 [1.31-1.43] Affymetrix 
[393,453]

N

11/25/08 Sladek
February 
11, 2007
Nature

Type 2 
diabetes

661 cases, 614 
controls

2,617 cases, 
2,894 controls

10q25.2 TCF7L2 rs7903146-T 0.30 2 x 10-34 1.65 [1.28, 2.02] Illumina 
[392,935]

N





Commercial genotyping companies

• 23andme

• deCODEme

• Navigenics

~ 1 million SNPs


